There have been many discussions of turbulence and the fact that it is a stochastic process. There have been significantly fewer discussions of what this means in a practical sense of predictability and the consequences for risk assessment. Now we have begun to address these issues as they arise in chemically reactive flows, in which there are multiple interacting stochastic processes, including flow instabilities, turbulence, many interactions between shocks, flames, and vortices, and the resulting formation of ignition centers (hot spots). The specific flow that allows us to focus on these issues is the evolution of an initially laminar flame propagating down a channel filled with a series of obstacles. As this system evolves, it undergoes flow transitions from subsonic to supersonic, as it simultaneously undergoes transitions among combustion states from a laminar to a turbulent flame, and then possibly to a detonation. This is illustrated visually by movies made from a multidimensional, compressible, unsteady, deterministic solution of the Navier-Stokes equations. In the process of analyzing the dynamic events portrayed in the movie, we have found several surprising properties of the evolving turbulence. For example, the turbulence in the flow deviates critically from Kolmogorov, equilibrium turbulence, and a leading shock couples to a turbulent flame in what appears to be a metastable flame-shock complex. We suggest ways in which such properties affect the transitions observed, and how the system can be viewed in terms of multiply interacting stochastic processes. The movies are also related to events observed in the large-scale detonation-tube experiments at Lake Lynn Experimental Mines.
